Background Randomized controlled trials have shown that laparoscopic approach to surgery for perforated peptic ulcer (PPU) is associated with improved short-term outcomes; however, there is limited evidence concerning national practice. The aim of this investigation was to evaluate the effect of laparoscopic approach to PPU surgery upon mortality and morbidity in England. Methods Patients with a primary diagnosis of PPU, admitted as an emergency to a hospital in England, and receiving surgical intervention, between 2005 and 2012 were identified from the Hospital Episode Statistics database. Outcomes analyzed included 30-day and 90-day mortality, 30-day complications, and length of hospital stay. Univariate and multivariate analyses were used to identify patient, hospital, and treatment-related factors associated with use of laparoscopy and mortality. Results The study included 13,022 patients who underwent emergency surgery for PPU in England over an 8-year period. From 2005 to 2012, the utilization of laparoscopic surgery for PPU increased from 0 to 13% and was more commonly used in high volume emergency centers. Laparoscopic surgery was associated with significant reductions in 30-day (7% vs. 15.7%; P < 0.001) and 90-day mortality (8.9% vs. 19.6%; P < 0.001), pneumonia (6% vs. 10.1%; P < 0.001), ischemic cardiac events (1% vs. 2.4%; P = 0.007), as well as length of hospital stay (median 5 vs. 7 days; P < 0.001). Factors associated with a reduced utilization of laparoscopic surgery included age ≥ 70 years (Odds ratio (OR) = 0.58 (95% CI) 0.49-0.68) and Charlson Comorbidity Index score ≥ 2 (OR = 0.73; 95% CI 0.57-0.94). Conclusion The rate of laparoscopic repair of PPU is increasing at a national level and more common in high volume emergency centers. It is associated with reduced rates of mortality; pneumonia and shorter length of hospital stay, highlighting the need for strategies to improve dissemination of laparoscopic techniques necessary for PPU repair.
Perforated peptic ulcer (PPU) is a common general surgical emergency, carrying a significant short-term mortality rate approaching 30%, with mortality increasing with every hour by which surgery is delayed [1, 2] . Factors associated with increased mortality include older age (> 70 years), significant medical comorbidities (ASA III-IV) and delay to surgery of more than 12 h [2] . As the result, the Boey score was developed as a risk prediction tool. The Boey score takes 3 major factors into consideration: major medical comorbidities, preoperative shock, and the duration of PPU of more than 24 h prior to surgery [2, 3] .
Randomized controlled trials and institutional series have suggested that laparoscopic PPU repair has several benefits over open repair including a more favorable mortality, less postoperative pain and need for analgesia, shorter hospital stay, and faster return to work and normal daily activities. Laparoscopic PPU repair also allows for confirmation of the site and pathology of the perforation prior to repair without making a large skin incision, reducing wound complications, postoperative pain, and improving wound cosmesis [4] [5] [6] [7] [8] [9] [10] . It has been suggested that laparoscopic irrigation allows for superior clearance of the abdominal contamination, which may also reduce the incidence of postoperative intra-abdominal collections [10] .
With the benefits of laparoscopic repair of PPU demonstrated in randomized clinical trials, the objective of this population-based cohort study was to investigate the uptake and clinical outcomes of laparoscopic surgery for PPU in day-to-day clinical practice at a national level where the inclusion and exclusion criteria of randomized trials do not apply. Open surgery was the reference standard in the present study.
Methods
Data were derived from the Hospital Episode Statistics (HES) database [11] . This is a record-based system that collects patient-level data from all National Health Service (NHS) hospitals in England. It captures all patients treated in public sector hospitals and a minority of patients treated in privately funded institutions. Patients are given a unique HES identifier that allows all of their hospital admissions to be tracked throughout the dataset. The HES dataset is a well-validated dataset and has been used in several previous publications concerning oesophageal cancer [12, 13] and emergency gastrointestinal conditions [14, 15] . HES data were linked to the Office for National Statistics that provided data on the date of death, which is 100% accurate for all inhabitants in England as it is collected from the issued death certificate. Permissions for the comparison of anonymized administrative data were obtained from the National Information Governance Board for Health and Social Care in England.
Coding of data
Relevant International Classification of Disease 10th revision (ICD-10) codes were used to identify patients over the age of 17 years who were admitted as an emergency for the treatment of perforated peptic ulcer (PPU) (K25.1, K25.2, K25.5, K25.6, K26.1, K26.2, K26.5, K26.6, K27.1, K27.2, K27.5, and K27.6), between 1st January 2005 and 31st December 2012. Only patients identified as emergency admissions were included in this analysis using the admission codes (method of admission 21-28). Treatments were identified using the Office of Population Censuses and Surveys Classification of Surgical Operations and Procedures 4th revision (OPCS-4) codes; surgery for PPU (G27, G28, G29, G30, G31, G32, G33, G34, G35, G36, G38, G41, G48, G49, G51, G52, Y74, Y75) with or without a laparoscopic approach (Y74, Y75).
Exposure
The exposure under investigation was the effect of laparoscopic approach to surgical treatment of PPU upon clinical outcome. An intention-to-treat analysis was performed and any patients with PPU who underwent laparoscopic surgery and were converted to open were analyzed as part of the laparoscopic group.
Outcomes
The primary outcomes were 30-day and 90-day mortality, which was identified by linking HES data with data from the Office for National Statistics (ONS). The process of data linkage was performed centrally using a unique patient National Health Service (NHS) number, which permits linkage of data between patient datasets. Secondary outcomes included 30-day complications specifically deep vein thrombosis or pulmonary emboli, ischemic cardiac event, pneumonia, and length of hospital stay.
Confounding variables
Patient and disease-related factors analyzed included age (< 70 or ≥ 70), sex (male or female), Charlson Comorbidity Index score (< 2 or ≥ 2), and presence of gastric or duodenal cancer (yes or no).
Hospital factors analyzed included high volume upper gastrointestinal cancer center status (< 20 or ≥ 20 oesophageal cancer resections per year) and high volume emergency center status (< 23 or ≥ 23 PPU admissions per year). These thresholds were defined upon previously established thresholds affecting mortality [16] .
Statistical analysis
Statistical analysis was performed using SPSS version 22.0 software (Statistical Package for the Social Sciences software, Version 22, SPSS Chicago (IL), USA).
Categorical variables are expressed as a percentage, with intergroup comparisons made using χ 2 test. Continuous variables are expressed as median and range, with intergroup comparisons made using the Mann-Whitney U test. Multivariable logistic regression analyses were performed to evaluate patient and hospital factors associated with the utilization of laparoscopic PPU surgery, and the positive or negative association of laparoscopic approach with 30-day and 90-day mortality.
Subset analysis of patients aged ≥ 70 years of the effect of laparoscopic PPU surgery upon clinical outcome was performed as this is a specific subgroup which previously has been shown to benefit from a laparoscopic approach to elective colorectal surgery and emergency appendicectomy [17, 18] .
All statistical tests were two-sided, with the threshold of significance set at a P value of < 0.05.
Results

Uptake of laparoscopic approach to repair PPU
Over the 8-year study period, 13,022 patients in England, underwent emergency surgery for PPU, including 12,127 patients by open surgery and 895 patients by laparoscopic approach. From 2005 to 2012, utilization of laparoscopic surgery for PPU increased from 0 to 13%; P < 0.001 (Fig. 1) . Laparoscopic surgery was used more commonly in high volume emergency centers (33.5% vs. 28.4%; P = 0.001).
Population characteristics
Laparoscopic surgery group had a reduced proportion of patient's aged ≥ 70 years (25% vs. 37.8%; P < 0.001), male sex (38% vs. 42.1%; P = 0.016), CCI ≥ 2 (7.8% vs. 12.5%; P < 0.001), and cancer (0.1% vs. 0.8%; P = 0.021) in reference to open surgery (Table 1) .
Clinical outcomes
Laparoscopic surgery was associated with significant reductions in 30-day (7% vs. 15.7%; P < 0.001) and 90-day mortality (8.9% vs. 19.6%; P < 0.001), pneumonia (6% vs. 10.1%; P < 0.001), ischemic cardiac events (1% vs. 2.4%; P = 0.007), and length of hospital stay (median 5 vs. 7 days; P < 0.001) ( Table 1) .
Multivariate analysis for utilization for laparoscopic surgery
Factors associated with a reduced utilization of laparoscopic surgery included age ≥ 70 years (Odds ratio (OR) = 0.58; 95% Confidence Interval (95% CI) 0.49 to 0.68) and CCI ≥ 2 (OR = 0.73; 95% CI 0.57-0.94). High volume emergency center status was the only factor associated with an increased utilization of laparoscopic surgery (OR = 1.37; 95% CI 1.15-1.64) ( Table 2 ).
Multivariate analysis for 30-day and 90-day mortality
Laparoscopic surgery was associated with significant reductions in 30-day (OR = 0.49; 95% CI 0.37-0.65) and 90-day mortality (OR = 0.49; 95% CI 0.38-0.63). Factors associated with increased 30-day and 90-day mortality in all patents and in those undergoing laparoscopic surgery included patient age ≥ 70 years, male sex, and CCI ≥ 2 (Table 3) .
Subset analysis of patients aged ≥ 70 years
In univariate analysis, laparoscopic surgery was associated with a significant reduction in length of hospitals stay (median 7 days vs. 10 days; P = 0.022), 30-day mortality (21.9% vs. 30.6%; P = 0.006), and 90-day mortality (26.3% vs. 37.8%; P = 0.001) ( Table 1) . Multivariate analysis also confirmed that laparoscopic surgery was associated with significant reductions in 30-day mortality (OR = 0.64; 95% CI 0.46-0.89) and 90-day mortality (OR = 0.59; 0.43-0.80).
Discussion
This English population-based cohort study confirmed that laparoscopic repair of PPU is associated with a significant reduction in 30-day and 90-day mortality, postoperative pneumonia, and length of hospital stay, and that these findings are consistent with previous randomized controlled trials and institutional case series [5] [6] [7] [8] [9] [10] . Subset analysis of a higher risk population, patients aged ≥ 70 years, similarly demonstrated significant reductions in 30-day and 90-day mortality associated with a laparoscopic approach to PPU surgery.
The limitations of this population-based cohort study need to be considered in the interpretation of the results. Firstly, confounding factors such as the size and position Fig. 1 Over time, changes in use of laparoscopy for treatment of perforated peptic ulcer of the perforation, degree of contamination, and physiological status of the patient were not measured, and therefore, no inference could be made about the impact of these factors on allocation of treatment and clinical outcomes. Secondly, the human and infrastructural resources at individual centers were not assessed and thus could account for bias in favor of open surgery should the necessary laparoscopic equipment and skilled laparoscopic surgeons not be readily available at individual institutions. It is however important to note that 100% of patients with PPU within the HES database were included in the study, including cases where laparoscopic surgery was converted to open (analyzed as part of the laparoscopic group). Notably, the data in this study are representative of wider perspective of clinical practice; unlike randomized controlled trials, these data are collected from everyday practice at regular institutions and reflective of surgeons with a wide spectrum of laparoscopic skill.
This study showed that laparoscopic PPU repair was associated with a significant reduction in 30-day (OR = 0.49; 95% CI 0.37-0.65) and 90-day mortality (OR = 0.49; 95% CI 0.38-0.63). These findings paralleled those from other studies, Bertleff et al. found that mortality rates of laparoscopic vs. open PPU repair were 3.6 and 6.4%, respectively [8] . A randomized control study by Lau et al. showed significantly reduced postoperative pain and need for analgesia in laparoscopic surgery [6] . Postoperative pain is a well-documented risk factor in the development of postoperative pneumonia and thus improved pain after laparoscopic PPU repairs could provide a favorable mechanism to reduce postoperative pneumonia rates. This was demonstrated in the present study where laparoscopic PPU repairs were associated with pneumonia rates of 6% vs. 10 .1% in open repairs (P < 0.001).
In addition to the reduction in the length of hospital stay observed in this study, laparoscopic PPU repair allows for an expedited return to work and normal activities, thereby reducing the psychological and economic impact of this condition [5, 10] . A study by Bertleff et al. suggested further diagnostic benefit of laparoscopic PPU repair, namely that the site and pathology of the perforation can be confirmed, allowing a planned repair without making a large skin incision [8] .
In this study, patients over the age of 70 years and with a Charlson Comorbidity Index (CCI) score of > 2 (as a proxy for increased medical comorbidities) were more likely to undergo open PPU repair. This correlates with previous published literature, which emphasizes the importance of applying a risk assessment scoring system such as the Boey score. A study by Lee et al. confirmed an exponential relationship between the Boey score and postoperative mortality, with mortality rates of 1.5, 14.4, 32.1, and 100% for scores of 0, 1, 2, and 3, respectively [5] . Patient selection remains one of the most important factors impacting on outcome of laparoscopic PPU repair and thus a number of studies have proposed the following contraindications to laparoscopic PPU repair: a Boey score of 3, age > 70 years, nonjuxtapyloric gastric ulcers and a perforation of more than 10 mm [7, 8, 19] . However, despite the reduced utilization of a laparoscopic approach in patients aged ≥ 70 years, this was associated with significant reductions in 30-day and 90-day mortality, paralleling findings from elective colorectal surgery and emergency appendicectomy [17, 18] .
A frequently described constraint of laparoscopic PPU repair is the longer time of operation. A randomized control study by Lau et al. showed that a laparoscopic repair took significantly longer than an open repair i.e., 94.3 ± 40.33 min vs. 53.7 ± 42.6 min (P < 0.001) [2] . It has been suggested that the operation time of laparoscopic PPU repair may shorten as surgeons improve their laparoscopic skills and progress along their proficiency-gain curve and this in turn may allow for a wider patient inclusion criteria in future.
Patients with compromised cardiopulmonary function may not be good candidate for laparoscopic approach as positive pressure pneumoperitoneum reduces cardiac output and lung expansion. This is in keeping with a key finding in this study, namely that high volume emergency center status was the solitary factor associated with an increased utilization of laparoscopic surgery (OR = 1.37; 95% CI 1.15-1.64). This may suggest a difference in operating threshold in favor of laparoscopic surgery in institutions with increased surgeon and theater experience with laparoscopic surgery, as well as increased availability of the necessary laparoscopic equipment. Surgeons training at high volume emergency centers may increase patient access to minimally invasive repairs of perforated peptic ulcers and dissemination of laparoscopic techniques with ensuing benefits demonstrated in this study.
In conclusion, this study demonstrates that laparoscopic repair of PPU at a national level is associated with lower 
